Background: Measuring hearing functional capabilities by Auditory Brainstem Responses (ABR) may contribute to better treatment, and possible differences in this process may have important clinical implications.
Introductory Chapter 1.1. Introduction
In the past three decades, auditory brainstem response (ABR) studies have revealed that auditory brainstem evoked responses measured in newborns may predict delayed or impaired development. For example, Murray (1988) 's study attempted to determine the degree to which these auditory brainstem evoked responses could be measured during the first year of life in 93 normal and abnormal infants. The researcher investigates whether knowledge of abnormalities in the newborn ABR gives us more information about infant's eventual developmental outcome than simply knowing the child initial risk status. According to Murray, " To address this question, group assignment (low risk or high-risk) was coded as a dummy valuable and used as a covariate in analyses of variance of the effects of ABR diagnosis on the dependent measures of outcome" 1 .
The researcher concludes that abnormalities in the newborn ABR may indicate diffuse central nervous system dysfunction in addition to deficits specific to the auditory system. Such findings inspired other 2(V)2013 neuropsycholinguistic researchers to conduct many studies to investigate the distinctive features of the ABR. The purpose was to examine to what extent ABR could be used to examine hearing of children. Uzuka et alii (1996) 's study examined ABR threshold to see whether or not it is more effective than to pursue the trends in each component of ABR. In the study, tone burst sound stimuli were employed and ABR threshold shift caused by kanamycin administration was investigated in dogs. In a series of monitoring of ABR against short-period auditory lesions, changes in ABR waveform after intravenous administration of kanamycin were detected. The results found in the study suggest that tracing of ABR threshold by tone bursts could provide information that has specificity for frequency in hearing tests and is a useful method in clinical veterinary medicine and/or toxicological tests.
Neuropsycholinguistically, one of the functions of ABR is to measure the degree of the hearing loss in children who suffer from hearing disorders. Thus, when an infant or a child has auditory deficit, the first assessment tool neuropsycholinguists prescribe for him is ABR. The purpose of Kawarai et alii (1999) 's study was to statistically examine the reliability of ABR for the diagnosis of profound deafness in early childhood according to our experience over the past 12 years of follow-up in our facility. Subjects of the study included 371 children among 1,041 children who were admitted to Kanariya-Gakuen (institute for pre-school deaf children) from April 1985 to March 1997 . Results indicate that in five cases with an abnormal hearing threshold determined by ABR and other audio-logical tests, repeated examinations carried out during a 5-to 6-month follow-up period revealed that they had normal hearing. Three of these children had been diagnosed previously with mental retardation and the remaining two were infants. Additionally, the specificity and sensitivity of ABR were calculated as 97.3% and 100%, respectively. The predictive value of a positive result was 94.7%. There remains the possibility of a false negative for such cases, although the rate seems to be very low (0.2%). Commenting on the predictive value of the negative results, the research team made it clear that it was 100%. The research team has rightly stated: "Predictive value of negative results by ABR in children's hearing impairment was 100% in this study. It was shown that unusual results of ABR could have predicted hearing impairment, at least to a higher degree than any other available audio-logical examination" 2 .
Early ABR sets the stage for a lifetime of competence in hearing capacities. However, the objective and behavioral mechanisms associated with the relative advantages and disadvantages of both ABR and behavioral thresholds are not well explored. In Garnham et alii (2000) 's study, a comparative study between unaided and aided hearing thresholds, by both objective and behavioral techniques was held. Twenty (20) children (aged <1-10 years) whose parents reported that they developed hearing loss were evaluated with standardized measures of ABR. Sequencing ability to measure children with hearing disorders is recognized as a fundamental component in ABR. It is claimed that gap threshold based on ABR would be similar to the psychophysical gap detection threshold. Sequencing relationships between the measurements results of the two techniques are studied 3 . Outlined results reveal that psychophysical gap detection thresholds of 3-and 6-month-old infants were an order of magnitude worse than those of adults with normal hearing, as previously reported; however, ABR gap thresholds of 3-month-old infants were no different from those of adults with normal hearing. These results, according to Wener and his coworkers suggest that ABR gap thresholds and psychophysical gap detection depend on at least some of the same mechanisms within the auditory system.
Such results like those mentioned earlier encouraged researchers to develop new ideas for assessment tools. New patterns of assessment tools were differently investigated by many neuropsycholinguists in the field. In Purdy's study (2002) , for example, the researcher reports patterns of assessment tools, attempting to determine whether tone bursts gated on and off using a nonlinear, exact-Blackman-gating function would be a more frequency-specific stimulus for auditory brainstem response audiometry than the more traditional 2-1-2 cycle linearly gated tone burst. In terms of age differences due to that ABR's studies are always conducted on children, tone burst ABRs were recorded in 10 adults with normal hearing and in 18 adults with sloping high-frequency sensori-neural hearing loss. The researcher concludes that there are no clear differences between Blackmanand linearly gated tone bursts in terms of how well ABR thresholds predicted pure-tone thresholds at 2000 and 4000 Hz. In general, audiometric thresholds were predicted with good accuracy (+/-15 dB) by the tone burst ABR thresholds. The 4000-Hz audiometric threshold was underestimated in one subject with a very steeply sloping hearing loss by both Blackman-and linearly gated tone burst ABR thresholds, indicating that ipsilateral masking such as notched noise would be needed to ensure frequency specificity in this and similar cases.
The generator of ABR during development through ABR and focal superior olivary complex recordings were measured to examine age-related differences in hearing processing. Although neuropsycholinguists appear to be familiar with human outcomes, notably children as regards to many ABR measurements and experiments, little is known about ABR's results in nonhuman. The effect of ABR measurements on assessing animals' auditory performance was investigated using twenty pouch-young "tammar" Speech and Context, 2(V)2013 wallabies (Macropus eugenii) 4 . Outlined results of Liu demonstrate that developmental comparison between ABR and the focal responses from four auditory brainstem nuclei indicated that each ABR component may have a dominant contributor from the auditory brainstem, but there was no simple and exclusive association between ABR component and the auditory brainstem nuclei.
In the past few decades, however, the role of ABR in assessing auditory functions in human being still remains controversial. Nekrassov and Sitges (2003) 's study explores a possible connection between the reduced hearing sensitivity and certain abnormalities in ABR in generalized epilepsy. To this end, the effects of two convulsing agents, namely pentylenetetrazole and of 4-aminopyridine, on: (1) the cortical activity, (2) the hearing threshold and (3) the amplitudes and latencies of ABR waves evoked by a stimulus of high intensity (100 dB) were investigated in guinea pigs. The results show that changes in the activity of the lateral and the medial nuclei of the superior olivary complex accompany the hearing loss and the post-ictal epileptic cortical activity.
Increasing number of assessment tools, notably those relating to children throughout the world have created an urgent need for intensive investigations and strategies that clinicians and speech language therapists (SLTs) use to meet the highest standards and criteria of diagnosis. Research has shown that stacked-wave-V ABR requires a masking technique that may not be readily available to the clinician. Moreover, relatively high-level noise is required and may be annoying to the patient requires a masking technique that may not be readily available to the clinician. Since the only alternative choice was tone-bursts assessment tool, there was a need for more research to compare the merits and demerits of the two tools. Philibert et alii (2003) have undertaken a comparative study between the two assessment tools. The overall objective of the researcher was "to explore a possible alternative approach, particularly one that might be both more accessible to the clinician, regardless of evoked potential test instrument used, and perhaps more acceptable to the patient" 5 .
According to the research team, the observed results are promising for the use of the tone-bursts assessment method as an alternative approach to ABR "stacking" and warrant further research and development of the tonebursts method. A similar comparison like the one mentioned above was conducted by Szymańska et alii (2008) , but this time it was held between ABR thresholds and auditory steady-state response (ASSR) thresholds. According to the research team, auditory steady-state responses technique is not useful method in estimating of hearing threshold of young adults with normal hearing. Likewise, measurements of ABR and distortion-product otoacoustic emission were also compared to each other. According to Serpanos (2004) , normative ABR and distortion-product otoacoustic emission templates of predicted loudness growth may have clinical application in site-of-lesion assessment or hearing aid fitting by distinguishing abnormal rates of loudness growth for individuals who cannot provide reliable behavioral measures.
Reconstructed waveforms are significantly affected by discrete wavelet transformation due to the positive/negative impacts of these waves and thus ABR outputs. The relationship between the two was examined by some neuropsycholinguists. The study of Wilson (2004) examined the relationship between ABR and its reconstructed waveforms following discrete wavelet transformation, and to comment on the resulting implications for ABR discrete wavelet transformation time-frequency analysis. Participants were 120 normal hearing subjects willing individuals range between 90, 70, 50, 30, 10 and 0 years old. Analysis found that reconstructed ABR discrete wavelet transformation waveforms can be used as valid time-frequency representations of the normal ABR, but with some limitations. More specifically, the unexplained absence of a small number of reconstructed ABR discrete wavelet transformation waves in some subjects, probably resulting from "shift invariance" inherent to the discrete wavelet transformation process, needs to be addressed. As a matter of fact, such conclusions motivated other neuropsycholinguists to investigate the role played by imaging techniques in matters concerning measurements. The use of enhanced magnetic resonance imaging (MRI) as the standard to screen for small tumors is considered to be one of the most significant results due to the failure of standard ABR measures to detect small (&lt; or =1 cm) acoustic tumors. An important conclusion drawn by Don et alii (2005) is related to the stacked ABR that can be used, according to Don and his co-workers, as a sensitive, widely-available, cost-effective, and comfortable tool for screening small acoustic tumors. In order ensure the research validity and reliability; the researchers compared the stacked ABR amplitude to that of the standard ABR amplitude measurements. The research team found that "the amplitude of the stacked ABR wave V reflects more directly the total amount of activity initiated across the cochlea" 6 .
Overall, the above mentioned results provide strong support for investigating the validity and reliability of ABR. Neuropsycholinguists believe that in light of research findings, recommendations to improve the results of ABR could be made for new researchers, SLTs, programs' designers and other people in the field. The article of Johnson and Brown (2005) presents information on various clinical studies that were conducted to dis/prove the validity and reliability of ABR. Again, the study aims at evaluating the accuracy with which ASSR and tone burst ABR thresholds predict behavioral thresholds, using a within-subjects design. ASSR and 2(V)2013 ABR thresholds were recorded in a group of 14 adults with normal hearing, 10 adults with flat, sensorineural hearing losses, and 10 adults with steeply sloping, high-frequency, sensorineural hearing losses. The researchers conclude that both ABR and the ASSR provided reasonably accurate predictions of behavioral threshold across the three subject groups. There was no evidence that the predictive accuracy of ABR evoked using Blackman-gated tone bursts differed from the predictive accuracy observed when linear-gated tone bursts were presented in conjunction with notched noise and vice versa.
Statistically, hearing capabilities vary from an infant to another. The aim of Marttila and Karikoski (2006) 's study was to predict hearing level thresholds with click-evoked ABR and to study the residual hearing when ABR was absent. Armed with the results of 85 hearing-impaired children, the two researchers concluded to that the accuracy of ABR is reasonably ineffective, because it overestimates the hearing loss in moderate and severe impairments. The absence of ABR indicates a significant hearing loss which means that a lack of response to click stimuli does not directly suggest noneviable residual hearing. The development of ABR is subject to debate. Song et alii (2006) studied such development to quantitatively assess its dependence on stimulus frequency and level. Responses were not observed to stimuli >=16 kHz on P12, however, the full range of responsive frequencies included in the study was observed by P14. Response thresholds were high on P12, exceeding 100 dB SPL for all stimuli tested. The findings indicate that slopes of wave I amplitude and latency-level curves were significantly steeper than those of adults during the neonatal period and the outcome of input-output analyses, as well as frequency-specific maturational profiles, support developmental models in which function initially matures in the mid-frequency range and proceeds, simultaneously, in both apical and basal directions. Describing these complex relationships between latency level cures, slopes and wave, Song and her workmates have rightly observed: "In one group latency-level curves were relatively shallow, even adult like, whereas slopes were considerably steeper than those observed in adults in the other group. It is also notable that latency-level curves exhibiting relatively shallow, adult like slopes were generally associated with lower thresholds than those with steep slopes" 7 .
Again Gorga et alii (2006) 's study examines the accuracy with which clickevoked and tone burst-evoked ABR thresholds predict pure-tone audiometric thresholds. The in-depth observation of the ways in which pure-tone audiometric thresholds could be predicted helped the researchers to come up with important conclusions. Some of these conclusions are related to differences between ABR and behavioral threshold depended on behavioral threshold. This can be clearly seen with ABR thresholds overestimating behavioral threshold in cases of normal hearing and underestimating behavioral threshold in cases of hearing loss. Such results, according to Gorga and his co-workers, suggest that ABR thresholds can be used to predict pure-tone behavioral thresholds for a wide range of frequencies.
In Kulekci et alii (2007) 's article, recent research is described in which ageequivalent norms for a 500Hz logon evoked ABR could be obtained. The sample of the research was seventy-seven infants and children ranging from conceptional age of 40 weeks (term babies) to 4 years were tested with both click and tonal ABR without any risk factors for hearing loss. Kulekci et alii (2007) 's results indicate that five hundred hertz of tonal ABR wave V latency did not mature until to 2-4 years old but, click ABR wave V latency reached maturity at the same age range. Researchers have suggested that difficulties with temporal interactions or retrieval may be associated with age. Lavoie et alii (2008) 's study assessed the changes in linear and nonlinear temporal interactions in the aging auditory brainstem of humans using maximum length sequence stimulation of 30 normal hearing females aged between 11 and 61years old. Results indicate that the linear and nonlinear components of the maximum length sequence -ABR could be more sensitive to changes occurring in the auditory system before any functionally significant changes in hearing status. The significance of such outcomes, according to the researchers, is that the nonlinear components of the auditory brainstem could be used as an investigative tool to assess early changes in the aging auditory brainstem in young middle-aged women. Gaddam and Ferraro (2008) 's study explores the effect of the improved sensitive ABR recordings on the hearing of the newborns via a procedure that utilizes the ear canal as a recording site. The two researchers compared the conventional recordings with ear canal recordings of ABR in 45 normally-hearing newborns that passed their newborn hearing screening. Results indicate that the amplitude of wave I is significantly larger and easier to identify when the ear canal is used as one of the recording sites in comparison to more conventional scalp (mastoid) recordings. Gaddam and his co-worker emphasized the importance of further research on the phenomenon under investigation. Such significance is a must for two reasons: "Firstly, develop a normative database that includes comparison of ABR component amplitudes in ear canal versus scalp recordings in newborns and infants. Secondly, further research is necessary to study the utility of the ear canal approach in recording cochlear receptor potentials in newborns and the possible clinical applications for doing this" 8 .
During language production and comprehension, information about hearing properties is sometimes needed. While the decision about the significant role played by ABR in evaluating children's hearing capacities, Speech and Context, 2(V)2013 Ribeiro and Carvallo (2008) 's study was designed to investigate the feasibility of applying tone-ABRs in the nursery and neonatal intensive care unit, and to provide normative tone-ABR data from neonates. To that end, normative tone-ABR latency data were determined. Preterm neonates' ABRs showed significantly longer latencies than those of the full-term infants. Tone-ABR evaluation was found to be both feasible and reliable as a measure of auditory function in neonates. Regarding the ABR's amplitudedetection response correlational measurements, the two researchers clarified that such relationship was conditional. "In many cases of quiet, large amplitude ABRs with expected waveform morphology", Ribeiro and Carvallo (2008) complete, "the visual detection of response in two channels added to the confidence in the response to eliminate the need for replication. Consequently, the overall test time was reduced which allowed time for the detection of responses at the 20 dB level" 9 .
ABR is also thought to assess vestibular schwannomas and other cerebellopontine angle lesions. The aim of Grayeli et alii (2008) 's study was to assess the value of ABR in the diagnosis of vestibular schwannomas and other cerebellopontine angle lesions. 676 solitary VS (548 operated on and 128 followed up) and 70 other CPA tumors (72% meningiomas, 11% cholesteatomas, 3% ependymomas, 15% miscellaneous) managed between 1990 and 2001 completed a customized auditory test. Results of Grayeli and his colleagues reveal that ABRs were normal in 4.8% of VS. Association of normal ABR, vestibular caloric tests and audiometry (AAO-HNS class A) represented only 0.7% of VS. In other cerebellopontine angle lesions, ABR were normal in 15% of cases and the association of the three abovementioned examinations was encountered in 10%. However, in the latter cases the clinical examination showed an abnormality in all cases. Concerning the question of the role played by other electrophysiological techniques, the researchers made it clear that they can be used as complement assessment tools to ABR "….Other electrophysiological techniques have been designed to overcome several limitations of ABR" 10 .
There might be some arte-factual recording's risks as a result of an interaction between the simultaneous stimulation and recording. In order to avoid the risk of arte-factual recordings that might occur between the simultaneous stimulation and recording, and the similarities between the recording and the speech stimulus envelope, the study of Akhoun et alii (2008) sought to systematically investigate the source of arte-factual contamination in speech ABR response. Results indicate that no responses were obtained from the deaf ear of unilaterally hearing impaired subjects, nor in the insert-out-of-the-ear condition in all the subjects, showing that speech ABR reflects the functioning of the auditory pathways.
In addition to arte-factual recording's risks, a threat might occur between the hearing pathways. It is for this reasons that researchers like Forti et alii (2008) compare the pathway of hearing in both normal and adult patients. The purpose of Forti et alii (2008) 's paper is to evaluate the hearing pathway in normal hearing adult patients. In order to achieve these goals, the researchers used ABRs to analyze absolute and inter-peak latencies in 19 adult DS patients aged 18-45 years whose pure tone audiometry test results indicated thresholds within normal limits, and 19 normal controls. The team's conclusions showed statistically significant gender related differences in inter-peak interval III-V (p =0.015). The latencies of waves III and V, and inter-peak intervals III-V and I-V, were significantly shortened in the patients under investigation than in the controls. According to Forti and his co-workers, such outcomes may be due to the smaller brain sizes and simpler afferent auditory pathways of subjects at hand.
Some researchers aim to investigate the effect of individual differences by comparing the results of a multiple/case study undertaken on a small group to another conducted on large number of participants under similar conditions to identify whether or not a remarkable significant differences could be observed. The article of Bush et alii (2008) presents the results of a pilot study, including neuropsycholinguistic data, with patients underwent pure-tone audiometry followed by a determination of behavioral threshold and neuro-diagnostic threshold ABR in the normal ear, which was used as a control, and in the diseased ear. It attempts to determine if clinicians could increase the sensitivity of ABR testing in detecting small tumors. This means that replacing MRI with ABR was not a choice. In this regards, Bush and his workmates have rightly observed: "Our goal was not to attempt to replace MRI with ABR. Rather, we advocate the development of a cost-effective yet accurate algorithm for the diagnostic evaluation of patients with asymmetrical auditory symptoms" 11 .
The research method of Bush and his colleagues involved the use of a new ABR index that is based on threshold differences. Analysis of results revealed that all 7 patients had an abnormal ABR threshold difference, and 5 patients displayed abnormal traditional ABR indices. Furthermore, the mean difference between ABR and behavioral click thresholds was 41.4 dB in the diseased ears (with ABR threshold being higher than the click threshold) and 15.8 dB in the normal ears.
Bahmer et alii (2008) 's study investigated the low-cost setup designed to perform an electrical-ABR as well as a conventional ABR for research purposes. Results from imaging techniques' analysis revealed that for ABR, only a personal computer with a soundcard, conventional system headphones, and an electroencephalography (EEG) pre-amplifier are necessary; for Electrical-ABR, in addition, an interface to the cochlea implant is required. Strictly, the capacity to assess and measure auditory performance is becoming increasingly important in the field of audiology. Inspired by the research of Bahmer and his co-workers, Dort et alii (2009)'s research examined a new tool called power spectrum ABR as another tool in detecting patients at higher risk for auditory neuroma. The data used for his study are naturally collected. They are a mix of normal people and patients. In details, the participants were 53 subjects (19 subjects were normal controls and 34 subjects were patients with unilateral audio-vestibular symptoms). All subjects underwent complete auditory testing, standard ABR, stacked ABR, and power spectrum ABR. The 34 patients also underwent gadolinium enhanced MRI. The purpose of using such number was to in/validates the new assessment tool (power spectrum ABR). Early results of the study indicate that power spectrum ABR could be a valid and reliable method of identifying subgroups of patients with unilateral auditory dysfunction who would best benefit from MRI. Emphasizing the importance of such findings, Dort and his colleagues have rightly stated: "However, if ABR or some other electrophysiologic technique were more sensitive to the presence of small tumours, it could be a useful means of selecting higher-risk subpopulations of patients for higher-cost imaging studies. Such a prescreening strategy would reduce the number of negative MRI studies and reduce the demand for scarce MRI resources" 12 .
In Swanepoel (2009)'s study, a description of ASSR and ABR thresholds for a group of infants and young children with various types and degrees of hearing loss is presented. A sample of 48 subjects (23 female) with a mean age of 2.8+/-1.9 years SD were assessed with a comprehensive test-battery and classified according to type and degree of hearing loss. The researcher summarizes many of the available methods and discusses their use with particular reference to the advantages and disadvantages of the two tools. Results show the reliability of verifying high frequency ASSR thresholds with a click-evoked ABR as an important cross-check in infants for whom behavioral audiometry may not be possible. Such outcome, according to Swanepoel "…indicated the best correlation between c-ABR and 2 kHz followed by 4 and 1 kHz, respectively" 13 .
The neuropsycholinguistic perspective of whether or not cephalopods can detect sound frequencies above 400 Hz remains unanswered. In order to analyze and evaluate this issue, Hu et alii (2009) used ABR and found that auditory evoked potentials can be obtained in the frequency range 400 to 1500 Hz and 400 to 1000 Hz, respectively. Furthermore, the thresholds of S. lessoniana were generally lower than those of O. vulgaris. Similarly, Van Maanen & Stapells (2010)'s article presents a general introduction to the modern assessment tools and evaluative role. Various diagnostic methodologies are compared and contrasted. Particular attention is given to the theoretical background to the neuropsycholinguistic analysis. In the study of Van Maanen and Stapells, a comparison was conducted between multiple-ASSR and tone-ABR thresholds and assessed how well "normal" ASSR levels differentiate normal from elevated thresholds. Outlined results demonstrate that the multiple-ASSR and tone-ABR thresholds are strongly correlated, and the "normal" multiple-ASSR levels of 50, 45, 40, and 40 dB HL correctly classified children as having "normal" or "elevated" thresholds. Summarizing the relationship between the two techniques, Van Maanen and Stapells have rightly noted: "Currently of much interest, the ASSR is typically detected using objective frequency domain statistical measures of response presence/absence, in contrast to the ABR where time-domain waveforms are usually visually identified by a clinician" 14 .
Clinical assessment tools are sometimes thought to be associated with concurrent difficulties in the area of medical fields. The study of Aimoni et alii (2010) follows a group of 272 pediatric cases have been identified (544 ears). The purpose was to underline the role of ABR and electrocochleography in the definition of hearing loss in a selected group of children. In 19 of the 272 pediatric cases selected--38 ears (7%), the results of threshold evaluation through ABR were uncertain. Outlined results show that ABR has to be considered the first choice in hearing assessment strategy, either for screening or for diagnosis in newborns as well as in noncollaborating children. Regarding electrocochleography, results indicate that it still may be considered a reliable diagnostic tool. Eighty (80) infants aged 0-6 months with normal hearing were administered the tone-pip ABR and ASSR thresholds in Qian et alii (2010)'s longitudinal study. Both were measured at octave frequencies from 250 to 8000 Hz bilaterally. Results of the research team suggest that with the maturational development, the conduction time of the auditory nerve decreases while the thresholds had no physiological changes within 0-6 months after birth. Comparing the tone-pip ABR with ASSR, the former had lower thresholds than the latter at 500-8000 Hz, which indicates that the estimation of tone-pip ABR may be nearer to the actual hearing level of infants. Such findings, according to Qian and his co-workers, show "the threshold of tone-pip ABR at each frequency in infants within 6 months of life. The response thresholds of tone-pip ABR decreased as the frequency increased in different groups" 15 .
Differences in the ways that ABR measurements help ensures accurate prescription for fitting infant hearing aids have long been of interest in the study of Bagatto (2010) . Despite extensive theorizing, actual theoretical and empirical investigations have yet to converge on a coherent picture of the role played by ABR in estimating infants and children's hearing capabilities. As In this regards, Bagatto has rightly observed: "Infants younger than 6 months of age will have their hearing assessed using ABR procedures. If an 2(V)2013 adjustment is not already embedded into the system. ABR threshold estimates require adjustment prior to the calculation of the hearing aid prescription" 16 .
Sinha and Basavaraj (2010)'s paper investigates the speech evoked ABR to a consonant vowel stimulus. The total number of the participants of the study was thirty (30) subjects with normal hearing participated for the study. Findings demonstrate that understanding of speech evoked ABR has other applications both in research as well as in clinical purposes. As Sinha and his colleague have rightly stated: "The study described explicit method to record a speech evoked ABR to understand the neural basis of speech encoding" 17 .
Such understanding, according to the two researchers, is of special importance, especially if one is interested in studying the central auditory system function.
The hearing capacity Profile of children was examined by Petoe et alii (2010) with respect to gender and neurolinguistic variations. The purpose was to establish a variety of tools that are used to analyze the synchronicity of ABRs evoked by chirp-and click-stimuli at 40 dB HL. Auditory samples of 32 normal hearing subjects aged 18 to 55 years (mean=24.8 years, SD=7.1 years) were gathered. They were analyzed according to type of speech disruption, speech rate, and capability of hearing disruptions. Statistical analysis found that the chirp-evoked ABRs exhibited less synchrony than the click-evoked ABRs in this study. The research team suggest that the temporal compensation offered by chirp stimuli is sufficient to increase neural recruitment (as measured by wave V amplitude), but that destructive phase interactions still exist along the cochlea partition, particularly in the low frequency portions of the cochlea where more latency jitter is expected. Neural synchrony measurements are not restricted to certain measurement tools. According to the team, "Other tools to quantify neural synchrony also exist, each with their own set of limitations" 18 .
The study of Coenraad et alii (2010) used a total of 175 children (younger than 200 weeks post-conceptional age). The samples were referred for audiologic assessment with normal ABR results. The team made use of ABR parameters of normal hearing children between 2003 and 2008. The purpose of the study, according to Coenraad and his workmates, was to present a simple and powerful fitting model that describes age-dependent changes of ABR in a clinical population of normal hearing children. What motivated the team is the fact that "There was no fitting model to analyze ABR results in daily clinical practice reported in these studies" 19 .
Outlined results show that such fitting model can be easily implemented to analyze ABR results of infants in daily clinical practice. ABR contains separate waves and signals. A dominant wave type in ABR is the wave V which is necessary in order to implement newborn hearing screening. In fact, some psychoneurolinguists believe that it is the most prominent and robust wave that has been used as indicator of hearing loss. In Arooj et alii (2010)'s study, the instantaneous energy of ABR signal had been introduced as a marker to identify ABR waves. The study shows that the instantaneous energy of ABR can be used as a marker to identify ABR waves. Another study by Arooj and her colleagues had proposed a platform for fast hearing screening system. The team also recommends the best way to use instantaneous energy ABR signals. According to Arooj and her colleagues, such signals "can be used as marker in order to detect ABR waves." The team adds, "The performance of this method needs to be tested further" 20 .
Yudhana et alii (2010)'s study presents information on the turtle hearing capability by analyzing ABR spectral of two turtles (2 and 3 years accordingly). The study states that the turtle of 2 years old has peak power at 457Hz in whole stimulus frequencies while the spectral amplitude is ranging 0.01-2.5% spectral. For the turtle of 3 years old, results show that it has peak power frequencies 50. 78, 101.6, 152.3, 304.7, 355.5, 457, and 507.8Hz respectively whereas the spectral amplitude is ranging 0.03-32.44% spectral. These results, according to Yudhana et alii (2010) "show that turtle 3 years responds to the transmitted stimulus wider than turtle 2 years in frequency range and amplitude response" 21 .
Clearly, there was a trend for ABR to have more accurate outcomes than any other hearing assessment tool in the field. To address such issue, Patterson et alii (2010) used broad and white noise to characterize the system response and the digitized acoustic signal subsequently used to generate an acoustic inverse file capable of cancelling reverberations. Echo cancellation is nearly perfect, although location-specific. Results demonstrate that the spectral composition of the sound signal is not greatly affected. Describing the significance of the research findings, Patterson et alii (2010) adds: "Our active echo cancellation procedure makes ABR experiments more readily doable outside of an anechoic environment. It therefore permits a wider range of organisms to be investigated, including aquatic organisms that are difficult (or impossible) to transport to shore side tanks, maintain in captivity, or both" 22 .
Importantly, the research team has successfully used the procedure during hearing studies of several fish species. Significant correlations were found between good diagnosis and correct use of the assessment tool and treatments. In order to get the best therapeutic outcomes, some researchers describe a corrective procedure that permits the clinician to obtain the estimated hearing level from ABR thresholds during infancy when immature responses are prevalent 23 .
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The event-related potentials of ABR were investigated to study differences in the outcomes discrimination process. The results demonstrate that ABR assesses the competence and ensures excellence of its professional diplomats for clinical practice (adequate clinical response/ABR Writing Group, 2011) .
National data were used to assess the impact of new ABR changes on pediatric radiology residency training in terms of the number, timing, availability, and funding of pediatric radiology rotations. An important conclusions that could be drawn from the study of Kollipara et alii (2011) is that seven percent of residency programs plan to cut back the overall number of pediatric radiology core rotations and move them to earlier in training (20%). Although 82% of programs said that they plan to provide more time in areas of interest, 57% said that it is very unlikely or impossible that residents could accumulate ≥12 months in an area of interest. The primary objective of Dornan et alii (2011)'s paper is to determine to what extent the factors contributing to the discrepancies between ABR thresholds play a role in the operating room and hearing outcomes obtained in the follow-up period. The study also explores the benefits and limitations of performing ABR in the operating room. To test this idea, a total of 116 patients were identified with complete records, including operating room-ABR results, medical examination and surgical procedure notes, and followup medical/audio-logical evaluation.
Results indicate that in patients with middle ear effusion and tube placement, the average threshold difference between operating room-ABR and follow-up audio-logical evaluation was 9.7 dB (± 12.7), with highest discrepancy of 45 dB. On the other hand, in patients with dry ears and/or no tube placement, the average threshold difference was only 3.8 dB (± 8.6). Specifically, the hearing thresholds estimated by ABR testing in the operating room can be elevated and follow-up hearing evaluation after tube placement is needed. These findings demonstrate that while ABR testing is valuable in the assessment of pediatric patients, especially for children who are difficult-to-test or have complicated medical conditions, caution should be taken when interpreting operating room-ABR results.
The study of Kuse et alii (2011) presents the findings of a research study on evaluating changes in ABR in the course of auditory disturbance in rats induced by Kanamycin. Results demonstrate that some rats under the experiments showed an elevation of ABR threshold (15-40 dB SPL) and a decrease in amplitude of wave I and increase in amplitude of wave II at the same time. Commenting on the two results, the research team has rightly observed: "A few animals showed decreases in those of waves I and/or II. These changes may indicate a precursory phenomenon of the auditory disturbance. However, the increases in those amplitudes were considered to be a precursory phenomenon of the auditory disturbance" 24 .
Based on ABR examination, the team emphasize that the auditory disturbance of low-frequency to high-frequency range could be analyzed at an early date in detail. Such findings were later supported by some other studies 25 .
Coenraad et alii (2011) investigated ABR morphology. The purpose was to extend the current assessment system. Findings indicate that in 82% of the population, a typical "bow tie" response pattern was present as a sign of early auditory development. Furthermore, ABR morphology was also observed in the majority of the cases under investigation. In this regards, Coenraad and his colleagues have clearly stated: "ABR morphology was seen in 90% of our population" 26 .
Using a meta-analysis design to examine the prevalence of a screening outcome pattern of ABR fail/otoacoustic emission pass (ABR-F/OAE-P), Berg et alii (2011) found that Less than 1% of infants in well-infant nurseries had ABR-F/OAE-P screening outcomes as inpatients and none as outpatients. These results, according to Berg and other researchers, suggest that prevalence is low for infants cared for in WINs and use of OAE testing as a screening tool in WINs is not unreasonable. Examining whether or not neural encoding of speech features at the brain stem level is altered in the aging auditory system, in Vander et alii (2011)'s study, speech-evoked ABRs were recorded using a synthetic 40-msec /da/ stimulus from both ears of participants in two groups: normal-hearing younger adults (n = 19) and normal-hearing older adults (n = 18). The study also investigated the effect of minimal peripheral hearing loss on ABR evoked by speech stimuli and interactions with aging. Study's results support further investigation into the ability of the aging auditory system to encode temporal cues at the brain stem level, particularly the response to speech stimulus offset and its relationship to speech perception and temporal processing abilities.
The paper of Zhou et alii (2012) targets assessment instruments used by SLTs in specific areas. Mainly, it reviews our experience of conducting ABR test on children in the operating room and discusses the benefits versus limitations of this practice. In the study 267 patients identified with usable data, including ABR results, medical and surgical notes, and follow-up evaluation. The main finding from the study reveal that hearing status successfully determined in all patients based on ABR results from the operating room. The most important result from the study indicates that multiple factors that may affect the outcomes of ABR in the operating room identified. Specifically, hearing loss in children with complicated medical issues can be accurately evaluated via ABR testing in the operating room. Unlike Zhou et alii (2012)'s study, the article of Valderrama et alii (2012) 2(V)2013 reviews some of the literature on differences in ABR's methodologies and discusses how these different methodologies may contribute to differences in ABR measurements. The researchers also suggest a methodology, which we will refer to as randomized stimulation and averaging that allows the recording of ABR at high stimulation rates using jittered stimuli. A comparison was conducted between the new method and the quasi-periodic sequence deconvolution and conventional stimulation methodologies. In conclusion, Valderrama and his workmates suggest that stimulation and averaging provides a quality in ABR recordings similar to that of quasiperiodic sequence deconvolution and conventional stimulation methodologies. Furthermore, the team believes that the feasibility of the randomized stimulation and averaging methodology is validated by an analysis of the morphology, amplitudes, and latencies of the most important waves in ABR recorded at high stimulation rates from eight normal hearing subjects.
Hornickel et alii (2012)'s study examines the role of ABR measurements in assessing infants' hearing capacity. Speech evoked ABRs were collected from 26 typically-developing children (ages 8-13) at two time points separated by one year. Outlined results show that the consistency of response timing and spectral encoding found for the speech-evoked ABRs of typically-developing children suggests that the speech-evoked ABR may be a unique tool for research and clinical assessment of auditory function, particularly with respect to auditory-based communication skills. In their experimental study, Ruebhausen et alii (2012) used a within-subject comparison and typical threshold criteria, to examine the effect of isoflurane and ketamine/xylazine on ABR thresholds for clicks and pure-tone stimuli extending from 8 to 32 kHz. The purpose of the research was to directly compare the effect of different anesthetics on ABR hearing threshold estimates. Ruebhausen and his colleagues emphasize that such highly significant threshold effect demonstrates a substantial difference between general anesthetics on auditory brainstem sensitivity.
Performance assessment techniques of hearing impairments can be influenced by a wide range of features of both task and participants. Naves et alii (2012)'s study hypothesizes that there may be effects on the tool's assessment attributable to an interaction of variables such as the clinical environment, the age and/or gender of the person under investigation. To this end, the researchers compared ABR manual/visual analysis provided by different examiners. As regards to corpus, ABR data were collected from 10 normal-hearing subjects (5 men and 5 women, from 20 to 52 years). A total of 160 data samples were analyzed and a pairwise comparison between four distinct examiners was executed. Based on such inputs, Naves and his colleagues drew an important conclusion. Describing these findings, the research team has rightly stated: "Regression Analysis, together with the use of the Bootstrap for the assessment of the variability of the parameters of the liner model, is a suitable tool for detecting such discrepancies and their variability. From been employed for the characterization of the relationship between results obtained from distinct examiners and for different Jewett waves (I, II, III, IV and V). An important and innovative aspect of this research was the investigation of the variability of the discrepancies of the analyses of the examiners through the parameters (.0 and .1) of a linear model using Bootstrap. We concluded that the parameter .1 can be employed for checking the agreement between classifications of a particular Jewett wave" 27 .
The purpose of Canale (2012)'s paper is to assess the reliability of Blackman windowed tone burst ABR as a predictor of hearing threshold at low frequencies. For this study, fifty-six subjects were divided in to three groups (normal hearing, conductive hearing loss, sensorineural hearing loss) after pure tone audiometry testing. Then they underwent tone burst ABR using Blackman windowed stimuli at 0.5 kHz and 1 kHz. The authors compare the outcomes of the analysis with pure tone audiometry threshold. Mean threshold differences between pure tone audiometry and ABR ranged between 11 dB at 0.5 kHz and 14 dB at 1 kHz. ABR threshold was worse than pure tone audiometry in each but 2 cases. Mean discrepancy between the two thresholds was about 20 dB in normal hearing, reducing in presence of hearing loss, without any differences in conductive and sensorineural cases.
The study of Turchetta et alii (2012) reveals how a population derived from a newborn hearing screening protocol, some aspects of maturation of the auditory pathways in the first months after birth, and the possible repercussions on early treatment are evaluated by means of ABR. An important outcome of the study is that the auditory system might not be completely developed at birth. More importantly, this auditory system, according to the research team, might require some months to complete; hence any early clinical approach should consider the possibility of an overtreatment, and any therapeutic strategy should only be considered once the diagnosis is certain and definitive. Muhlenberg & Schade (2012) 's study used 32 patients with a severe hearing loss at low-frequencies and 28 patients with normal hearing. The purpose was to evaluate behavioral and ABR thresholds to a low-chirp respectively a 500 Hz tone presented in notched noise masking. Outlined results of Muhlenberg and his workmate show a significant equivalence between low-chirp-ABR and pure-tone audiometric. ABR to a low-chirp stimulus seems to be rather precise in contrast to the notched-noise-500 Hz-evoked-ABR in order to diagnose a low-frequency-hearing loss. Ozturk and Genc (2012) 's study examined the Speech and Context, 2(V)2013 effects of ABR against infants' hearing capability in order to establish agerelated maturational changes for infants aged 0-6 months. 180 subjects from 0 months to 6 months of age were measured by ABR. Results are discussed in terms of age-related changes in adutory processing and context use in infants. According to Ozturk and his workmate, Knowledge on ABR characteristics within first six months of life will enable clinicians to discriminate normal situations from pathologic ones in diagnosing hearing loss for the infant population.
ABR is more vulnerable to clinical assessment than many other devices, notably when evaluating infants who are more susceptible to hearing loss. Hatton et alii (2012) hypothesized that the test performance of the boneconduction tone-evoked ABR in infants with hearing deficit is not successful. Results demonstrate that the "normal" bone-conduction-ABR levels accurately differentiated normal versus elevated cochlear sensitivity (accuracy: 98% for 2000 Hz; 98% for 500 Hz). According to the researchers, these findings further support the use of BC tone ABR for diagnostic ABR testing. Lima et alii (2012) investigates the influence of the ketamine/xylazine anesthetic on ABR latency values in adult gerbils. In the study, ABRs of 12 adult gerbils injected with the anesthetic were collected on three consecutive days, or a total of six collections, namely: pre-collection and A, B, C, D, and E collections. The research team concluded to saying that the use of ketamine/xylazine increases the latency of the V wave of ABR after several doses injected into adult gerbils. Clinicians, according to Lima and his friends, should consider the use of this substance in the assessment of ABR.
Auditory system behavior refers to the systematic functions performed by behavior in certain times. Such "systematicity" is of special importance when examining ABR. In order to evaluate the inter-examiner agreement and variability in the manual classification of ABR, Naves et alii (2012) studied 160 ABR data samples. The study aims at evaluating the interexaminer agreement and variability in the manual classification of ABR. The results of the study quantify the inter-examiner agreement and variability of the manual analysis of ABR data, and they also allow for the determination of different patterns of manual ABR analysis. Some addressed the clinical statement of both ACR and ABR and emphasized their role in credentialing and privileging of radiologists for diagnostic nuclear medicine, including multimodality hybrid imaging 28 .
Auditory diagnostic tools are known to aggregate in the medical field, notably that of speech language pathology. Debate among SLTs exists on whether the available devices, especially old ones present an additional risk for children. Destigter et alii (2012) 's study recommends new structures as new developments to be added to ABR. According to the research team, the new ABR examination structure gives programs an opportunity to evaluate this practice. The article of Silva et alii (2012) highlights various results and findings about the roles played by ABR in auditory issues. One of these findings and outcomes is that ABR play a critical role in down-regulating hypoxia-induced pulmonary hypertension. The study of Henry et alii (2012) considered the impact of noninvasive ABR in both clinical and research environment is very important. The team discussed the correlation between ABR characteristics and more direct measures of cochlear function by recording ABRs and auditory nerve single-unit responses in seven chinchillas with noise-induced hearing loss. Results indicate that ABR thresholds and wave I amplitude provide useful estimates of cochlear sensitivity. Furthermore, comparisons of ABR wave I latency to normative data at the same sensation level may prove useful for detecting and characterizing loss of cochlear frequency selectivity.
The reduction in repetition is a lexical property determining measurements among ABR tests. Acir et alii (2013) used 488 ABR responses for creating two different data sets. The first set is created conventionally by ensemble averaging of 1,024 single trials for each ABR pattern. The second set is obtained from the first estimated 64 single trials of the same records for each ABR. While the obtained results contribute to the practical ABR usage in clinics, Acir and his colleagues add, the great significance of it arises from the reduction in repetitions via estimation of ABRs. Experimental studies have indicated that ABR's results in matters concerning infants' accurate diagnosis differ from a country to another. Longitudinal studies have corroborated this difference by showing patterns differences in terms of hearing capacities, although no detailed study has been performed. The study of Li et alii (2013) implemented 111 preterm (27-36 weeks GA) and 92 term (37-41 weeks GA) infants who were administered to tests at 6 weeks. Results indicate that there were no overall differences between term and preterm groups in ABRs. Furthermore, ABRs in preterm and term infants were similar at 6weeks (corrected age if preterm), but males had less advanced ABRs than females.
Lohr et alii (2013)'s study examines whether or not ABR can measure the brain responses of birds. To address these questions, three woodpeckers were estimated by ABR. Results show that two (sometime three) prominent peaks occurring within 10 ms of stimulus onset. These results, according to the research team, suggest that woodpecker thresholds may be lower than those of domesticated birds, while similar to those of wild birds. The notched noise method (An involved effective procedure for measuring frequency resolution and auditory filter shapes in both human and animal models of hearing) in hearing measurements' processing is connected by several dorsal and ventral tracts, but the functional roles of the different 2(V)2013 tracts are not well understood. To test the importance of this method in the measurements of hearing processing, Lina (2013) combined relatively noninvasive ABR's measurements and the notched noise method to estimate auditory filters in normal-hearing mice at center frequencies of 8, 11.2, and 16 kHz. ABR notched noise procedure provides a fast alternative to estimating frequency selectivity in mice that is well-suited to high throughput or time-sensitive screening.
Aims:
Reliability and validity of ABR measurements for Arab Children have not been investigated yet. This research is important to better understanding of the effects played by ABR measurements on diagnosing Arab children's auditory functions. Additionally, the study provides additional evidence on whether or not ABR is reliable and valid by answering the following questions:
1. Can ABR measure auditory functions of Arab infants and children with hearing disorders the way it is designed for?
2. Are there any significant differences between the results of the first ABR measurement test and the second?
Methodology:
This study is conducted in the age group of 0 month (N=30) to 3 year old Arab children (N=30) at Al Kharṣ hospital, Al Aḥsa'a, Kingdom of Saudi Arabia. Subjects under investigation were divided into two groups: Group 1 includes infants (0-40 weeks) and group 2 includes children (40 weeks -3years) of both sexes. ABR pre-and-posttest of measurement is administered within two weeks to both groups. As it is mentioned in the aims of this research, the purpose is to examine the validity and reliability of ABR in Arab infants and children. To that end, the time between the first and second tests was only one week. Outcomes of the two tests were neuropsycholinguistically and statistically analyzed in light of neuropsycholinguistics.
Analysis 2.1. Validity & Reliability of ABR for Infants' Measurements
ABR, like most of other large-scale international clinical assessments, presents its measurement frameworks in multidimensional subscales. To fulfill the requirements of this multidimensional measurement framework, this experimental research deployed a new perspective to in/validates this measurement tool.
As for the subjects, as it is mentioned in the methodology of this research, they were divided into two groups: The first group contains infants between 0-10 months while the second group contains children between 10 months-3 years. Both groups have undergone ABR investigation. To start with, the pre-test administered to the first group, a comprehensive investigation of the auditory functions of the infants shows that 3 of them, namely, Subject 9 (3 days old), subject 27 (two weeks old) and subject 29 (7 weeks old) have serious hearing problems that may develop (if not well treated) a total hearing loss. Other infants vary from partial auditory problems (N= 8) to no significant hearing problems at all (N=19). Table 1 Clearly, in Table 1 , ABR measured hearing capabilities of the infants. The purpose of administering this test as well as of the current study is to evaluate infants' auditory ability. In details, the first objective is to screen infants' hearing. The second aim is to estimate auditory threshold of the infants' under investigation. Intraoperative monitoring is another objective of the pre-test. On the top of that, ABR ought to determine not only the type of hearing loss, but also its degree of seriousness. Detection of newborns' auditory nerve and brainstem lesion is also another important objective of the present study. Having the test administered, results were reviewed in view of a tripled-scale designed by the researchers (Scores between 0-5= serious case, scores between 6-8 = partial auditory problems, and scores between 9-10= no problem at all). Based on the above mentioned scale, ABR descriptive statistic results show that nineteen (19) of the subjects under investigation are nearly intact. In other words, they do not have any of the above mentioned auditory problems. Whereas eight (8) of the subjects registered partial auditory problems, three (3) of them scored no problem at all. No disease has been recognized in the test other than the hearing problems revealed by ABR in the infants at hand. Evidently, this means that the test examined what it was supposed to test. In clearer, terms, such outcomes prove the validity of the test.
Strictly, this study is an experimental investigation to determine not only the validity of ABR, but also to show whether or not it is reliable. In order to dis/prove this research characteristic, the researchers have undertaken another test after a week of the pre-test. Standard statistical analyses were employed to compare the outcomes of the pre-test with those of the posttest. Significant differences were found in some of the subjects in question. As can be clearly seen in Table 2 , nearly the measurements in all subjects are the same with no remarkable differences. Out of the total number of the subjects under investigation, the measurements of nineteen (19) subjects of them (the same subjects in the pre-test) did not change. The same thing applies to the rest of subjects regardless the degree of seriousness their auditory hearing suffer from. The following table, however, sumps up the differences between the outcomes of both the pre-and-posttest. Compare: Total of subjects with serious auditory problems 3 Table 3 : Infants' ABR pre-and-posttest: Comparison It is obviously found in Table 3 that slightly significant differences have been registered between the two tests. In details, the subjects in the posttest have generally a higher score measurements than in the pre-test (I score). Measurements of intact subjects were more likely to register the highest significant differences than those of partial or serious hearing problems and this can be clearly observed in view of the two tests' outcomes (7 and 3 respectively). Although it was anticipated that infants' posttest measurements would score higher in matters concerning partial hearing problems, this was not borne out by the findings and indeed they scored lower on the tripled scale (4/5). Infants' ABR pre-test measurements did score higher in matters relating to serious auditory problems and this can be clearly seen in the scores of the scores of subjects 9, 27 and 29 (2 and 1, 3 and 2, and 1 and 2 respectively). All in all, when accounting for such analysis, it can be said that no remarkable or significant differences between the preand-posttests which means that ABR is reliable.
Validity & Reliability for ABR Children's Measurements
Measuring functional capabilities of infants and/or children's hearing is a major part of ABR's functions. Nearly all possible hearing problems that might occur in the period between 10 months and 3 years have been considered. The recognition that environmental factors may influence auditory capabilities has given rise to studies examining the relationship between neighborhood conditions and risk for hearing disorders. Since the purpose of the study is to in/validate whether or not ABR is reliable, influence like time length, neighborhood and parents effects have been avoided. The period of time in this research did not exceed a week. Generally speaking, it is observed that many studies drew a great attention to the role of ABR in measuring infants' hearing capabilities, but older children have yet to receive the needed research attention. To that end, the current study paid a close attention to children as it did to the infants. Thirty (30) children ranges between 10 months and 3 years have been used in this study. Children's auditory capabilities have been measured by ABR. Total of subjects with serious auditory problems 1 ABR children's pre-test sought an understanding of ABR measurements on the subjects under investigation in terms of who suffers from hearing disorders and to what extent he/she suffers. However, ABR's pre-test measurements show that out of the thirty subjects at hand, more than half of them are not affected. Subjects who belong to this category are those whose scores of measurements range between nine (9) and ten (10). The rest of the subjects as it is clearly observed in the above mentioned table, suffer either from a partial hearing disorders (12 subjects) and these subjects are given the scores between 6-8, or complete/serious hearing loss (1 subject) who is given the scores between 1-5. Having the pre-test administered, the second step was to administer the posttest which has been conducted a week later. Total of subjects with serious auditory problems 1 As it can be seen in the above mentioned table, there are some differences between the same scales in comparison to pre-test. Again, such differences cannot be described as significant differences because they do not make big differences in the total score of the measurement. Strictly, the present research is guided by the tripled scale which means the score does not make a remarkable difference if it is within the same range of the scale. For example, if the pre-test measurement score is 7 and in the posttest it is 8, there is no significant difference because both of the two scores belong to the same range (6-9). However, the difference becomes important when it differs from one range of scale to another (e., 3 and 8). In that sense, it can be said that the results of the two tests' measurements are, generally speaking, similar. A distinction ought to be made between the two tests. Such distinction will be clearly understood in light of the following Analyses are performed in Table 6 within data come from Tables 4 and 5 . Rapid look at the measurements on the two columns (pre-and-posttest) reveal a slightly difference (1 score for posttest) which makes the result almost the same. Among 17 unaffected subjects, only two pre-test measurements were statistically significant as they go in the expected direction. What is expected is that the measurements increase as times passes where the child's immunity grew stronger.
Partial hearing problems were associated with fewer score among children's ABR pre-test measurements in comparison to ABR posttest's measurements wherein they registered higher ones (I score) and it had no effect on the total number of scores since the registered score was in the same tripled scale (i.e., 6-8). Likewise, the increase in the ABR pre-test measurements of the children with serious hearing problems was not significantly related to the age because the child is not below 40 weeks so that we can say that he/she prone to diseases. The researchers believe that is normal and it does not make a significant difference since it is only one score. Again, the scores in the two tests are almost similar which indicate that the ABR measurements for children are reliable.
Infants and children's pre-and-posttest ABR measurements: Validity & Reliability
Differences in hearing capabilities and functions may diminish with age. We investigated the validity and reliability of ABR among Arab infants and children taking into consideration such differences. Cross-sectional data were available from sixty cohorts (Infants= 30 and children= 30). Metaanalyses indicated that overall perfect hearing capability favored children. Normally, performance declined with age, but not with immunity that increases with the passage of time.
Infants' ABR pre-and-posttest results show that there was a quite big difference between those who are, clinically speaking, intact or unaffected (3/7). Statistically, these differences in the rate of decline in healthy infants' pre-test are not significant, because both results of pre-and-posttest belong to the same band of tripled scale (i.e., 9-10). Intact children's ABR pre-andposttest differences were also examined. Two scores for the measurements of children in the pre-test were statistically observed. Again, this does not make them significant due to that they belong to the same band or category in the scale assigned by the researchers.
Consistent with expectations, infants in the ABR pre-test perceived more partial hearing disorders when they first measured (5 scores) and less than this number in the ABR posttest's measurements (4 scores). As it can be seen, the effects were larger for the infants in the pre-test than in the posttest and that may be accounted for because of their age where they are prone to infectious diseases. Relative to the two tests, there is no significant difference between the two scores since they belong to the same band of scale (6-8). In pre-and-posttest analyses that only included children with partial hearing problems, the difference was positive and significantly associated with the posttest measurements where four children scored partial problems in the test compared with only two subjects in the pre-test measurements. The results will only be considered as statistically remarkable if the two scores' difference belong to another categorical band in the tripled scale. Since they belong to the same band (6-8), it remains insignificant.
However, infants with poor hearing showed trends for change in the scores of the pre-and-posttest. Whereas they scored better in the pre-test (1 more score), the measurement in the posttest was not the same. In clearer terms, they did not reach the same score in the posttest measurement. The reverse was seen in children where one more score has been registered in the posttest. Again, the score be it more or less does not make important differences because they belong to the same band of categorization.
In general, with a few notable exceptions, there are no scores' effects on the general outcome of the study which means that the ABR measurements for both Arab infants and children are similar. This means in any way that 2(V)2013 ABR proved to be valid and reliable. Such conclusion is better explained in light of the following figure: Figure 1 : Comparison between infants and children's pre-and-posttest ABR measurements:
Validity & Reliability
As can be seen in Figure 1 , the measurements of ABR for both infants' pre-and-posttest are almost the same and the same thing applies to the degree of their hearing problems' seriousness (no hearing problems at all, partial hearing problems, and serious hearing problems). Likewise, children's ABR measurements for both pre-and-posttests are almost the same, not only in the case of complete hearing loss, but also in the cases of partial and serious hearing problems. Undoubtedly, this means that ABR is valid and reliable when measuring Arab children.
ABR measurements: Comparative outcomes
This is the first report of the ABR measurements for the hearing capabilities of both Arab infants and children. As it is mentioned somewhere in this research, the aim of the study is to prove whether or not ABR measurements of both Arab infants and children are valid and reliable. A correlational analysis was used to determine the strength of magnitude of the relationship between subjects' performance and the degree of their hearing capacity's seriousness. Descriptive statistics were used to compare the scores of the subjects from both groups (infants' group and children's group) on a tripled scale scores (0-5= serious hearing problems, 6-8= partial hearing problems, and 9-10= no hearing problems at all). Findings of the study indicated that infants and children's ABR measurements are similar in both pre-and-posttests which demonstrate that ABR is both valid and reliable.
The effect on the scores of the two groups did not vary significantly by levels of categorical bands on the tripled scale and neuropsycholinguistic resources except for the few significant cross-level interactions. Such findings support Murray's study (1988) . Subjects' ages were associated with the degree of hearing problems, and no significant difference was registered among all participants neither in their pre-test nor in their posttest ABR measurements. This conclusion agrees with the findings of many other studies 29 .
As a matter of fact, it would be difficult to generalize this study across all the age classes. Practical implications should be taken into account. The study would help clinicians devise strategies for both the infants and children and across different age groups, in order to establish relationships with their brands. Social implications should be also mentioned. The study provides insights into the audio-logical performance of infants and children with respect to their interactions with ABR measurements. It throws light on the change in hearing capabilities' measurements with increasing age and how the basis for relationships formation varies. The paper combines age as well as gender differences and the role of affect and cognition in the clinical context. Ultimately, it is hoped that the results of this study will help guide the development of ABR for the development of measurements for all children.
Notes 1 Murray, 1988 1 Murray, , p. 1547 Kawarai et alii, 1999 , p. 9. 3 Werner et alii, 2001 . 4 Liu, 2003 . 5 Philibert et alii, 2003 , p. 2. 6 Don et alii, 2005 , p. 279. 7 Song et alii, 2006 , p. 2249 Gaddam et alii, 2008, p. 500. 9 Ribeiro et alii, 2008, p. 28. 10 Grayeli et alii, 2008, p. 1098. 11 Bush et alii, 2008, p. 460. 12 Dort et alii, 2009, p. 61. 13 Swanepoel, 2009, p. 218. 14 Van Maanen et alii, 2010, p. 536. 15 Qian et alii, 2010, p. 826. 16 Bagatto, 2010, p. 6. 17 Sinha et alii, 2010, p. 398. 18 Petoe et alii, 2010, p. 236. 19 Coenraad et alii, 2010 Coenraad et alii, , p. 1532 Arooj et alii, 2010, p. 820. 21 Yudhana et alii, 2010 , p. 194. Patterson et alii, 2010 . 23 Marcoux, 2011. 24 Kuse et alii, 2011, p. 840. 25 Ozaki et alii, 1996; Cunnick et alii, 2009; Alvarado et alii, 2012; Church et alii, 2012; Liu et alii, 2012. 26 Coenraad et alii, 2011 Coenraad et alii, , p. 2249 Naves et alii, 2012, p. 522-523. 28 Gannon, 2012. 29 Kawarai et alii, 1999; Johnson et alii, 2005; Hornickel et alii, 2012; Silva et alii, 2012; Ozturk et alii, 2012. HATTON, J., JANSSEN, R., STAPELLS, D. Auditory Brainstem Responses to Bone-2(V)2013 is an electro-physiologic response to rapid auditory stimuli. The goal of ASSR is to create an estimated audiogram from which questions regarding hearing, hearing loss, and aural rehabilitation can be answered. Most children are referred for ASSR after a newborn hearing screen in the hospital indicates the possibility of hearing loss. ASSR is similar to the ABR in some respects. For example, ASSR and ABR record bioelectric activity from electrodes arranged in similar recording arrays. ASSR and ABR are both auditory evoked potentials. ASSR and ABR use acoustic stimuli delivered through inserts (preferably). ASSR and ABR have important differences, too. Rather than depending on amplitude and latency, ASSR across a spectrum, rather than peak detection across a time versus amplitude waveform. ASSR is evoked using repeated sound stimuli presented at a high repetition rate, whereas ABR is evoked using brief sounds presented at a relatively low repetition rate (Beck et alii, 2007, p. 34-37) . EEG (Electroencephalography) is a neurological test that uses an electronic monitoring device to measure and record electrical activity in the brain. EEG is the recording of electrical activity along the scalp. It measures voltage fluctuations resulting from ionic current flows within the neurons of the brain. The EEG is a key tool in the diagnosis and management of epilepsy and other seizure disorders (Niedermeyer et alii, 2004, p. 4) . Imaging) is a test that uses a magnetic field and pulses of radio wave energy to make pictures of organs and structures inside the body (Sheil, 2012, p. 3) .
MRI (Magnetic Resonance
SLTs (Speech-Language Therapists) are specialized in communication disorders as well as swallowing disorders. They are also called Speech Pathologists (Block et alii, 1993, p. 23) .
